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ABSTRACT

This study explored ways of developing and utilizing more
efficient Computer-Based Instructional Simulations (CBIS) based on the
relationship among fidelity levels (i.e., how closely a simulation imitates
reality), transfer time, and learning time. The hypotheses presented suggest
how to determine the optimal shifting points of the fidelity levels; this
method yields the optimal routes that would help learners reach goals with
less time in CBIS. To verify the hypotheses, 148 seventh grade male students
were selected voluntarily from one junior high school in Korea, and a 4 X 6
(Fidelity Levels X Number of Lessons) posttest-only experimental design was
employed. Even though the result failed to support main hypotheses due to no
distinct difference among fidelity levels of CBIS, the result shows that a
cost-effective point on learning time exists in a given level of fidelity
range of CBIS. Therefore, the hypotheses need to be tested again in further
well-designed experiments with a larger range of fidelity. Figures illustrate
the relationship between transfer of learning and learning time according to
fidelity levels and the optimal shifting of fidelity levels and its benefit.
A table of the standards for classifying fidelity levels is included.
(Contains 23 references.) (Author/DLS)
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The purpose of the study seeks ways of developing and utilizing more efficient Computer-Based
Instructional Simulations (CBIS) based on the relationship among fidelity levels (“how closely a simulation imitates
- reality”), transfer of learning, and learning time. The hypotheses presented in this study suggest how to determine
the optimal shifting points of the fidelity levels; this method yields the optimal routes that would help learners reach
the goals with less time in CBIS. To verify the hypotheses, 148 seventh grade male students were selected
voluntarily from one junior high school in Korea, and a 4 X 6 (Fidelity Levels X Number of Lessons) posttest-only
experimental design was employed. Even though the result failed to support main hypotheses due to no distinct
difference among fidelity levels of CBIS, the result shows that a cost-effective point on learning time exists in a given
level of fidelity of CBIS. Therefore, the hypotheses need to be tested again in further well-designed experiments with
a larger range of fidelity.
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Theoretical Background

Fidelity means “how closely a simulation imitates reality” (Alessi & Trollip, 1991). The relationship
between the levels of fidelity and transfer of learning has been an important issue in the field of training simulators
because the levels of fidelity are deeply related with the cost of the simulator (Miller, 1974; Buam et al., 1982; Su,
1984). In addition, controlling the levels of fidelity has been considered to achieve cost effective transfer of learning
(Hays & Singer, 1989). Though the flexibility of switching fidelity levels in Computer-Based Instructional
Simulation (CBIS) enhances the importance of controlling fidelity levels and its benefits, there are few case studies.
Thus, this study focuses on how to determine the optimal shifting points of the fidelity levels on the basis of the
relationship between the amount of the learning time and transfer of learning in Computer-Based Instructional
Simulation (CBIS). ‘

Case studies on the relationship between fidelity and transfer of learning have yielded different results.
One viewpoint is that the higher fidelity of simulation, the better effect of learning (Ornstein, et al., 1954;
Dougherty, et al., 1957, Allen, Hays, & Buffardi, 1986). These study results are based on the traditional theory of
identical elements (Thorndike, 1913-1914; Yum, 1931; Gibson, 1939; Osgood, 1949). On the other hand, a second
point of view maintains that better transfer of learning may be attained through lower levels of a simulation fidelity
for students in their early stages (Valverde, 1973; Boreham, 1985), because the higher fidelity of simulation may
raise the complexity of instructions, which decreases the effect of learning (Alessi, 1988).

The synthesized assumption was presented by Miller (1974), Alessi (1988), and Hays and Singer (1989).
They suggested that the levels of fidelity are decided according to the “stages of learning,” that is, “the student’s
current instructional levels,” and the most cost effective simulation learning is that the higher levels of fidelity
replace the lower levels as the instructional levels of students improve. In addition, Roscoe (1971) and Povenmire
and Roscoe (1973) have shown that the cost effectiveness of learning in the certain level of fidelity is inversely
proportional to the amount of learning time.

Research Questions
This study supposes that each level of fidelity would draw a- different increasing curve of transfer of
learning according to the learning time (Hypothesis I) as presented Figure 1. If the assumption of Figure 1 is true,
the optimal shifting time from Fn-1 to Fn, or from Fn to Fn+1, would be determined at the point where the gap of
transfer of learning between the consecutive two levels of fidelity (Fn-1 and Fn, or Fn and Fn+1) is maximum
(Hypothesis II, Figure 2). Therefore, the suitable shifts of the fidelity levels according to the learning time would
have learners reach the goal with less time in CBIS. : U.S. DEPARTMENT OF EDUCATION
) - Office of Educational Research and Improvement
EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)
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Figure 1. Relationship between transfer of learning and learning time according to fidelity levels (Hypothesis 1)
Note: Fn: Given level of fidelity. Fn-1: Lower fidelity than Fn. Fn+1: Higher fidelity than Fn.
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Figure 2. Optimal shifting of fidelity levels and its benefit (Hypothesis II)
Note: Fn: Given level of fidelity. Fn-1: Lower fidelity than Fn. Fn+1: Higher fidelity than Fn.




Research Method
Sampling and Experimental Design

To verify the above hypothesis I presented in Figure 1, 148 seventh grade male students were selected
voluntarily from one junior high school in Korea. They had already taken the same classes about the basic use of
the Windows 3.1 system in IBM compatible computers. For the experiment, a 4 X 6 (Fidelity Levels X Number of
Lessons) posttest-only design was employed.

Operational Definitions .

In this experiment, fidelity level means the number and flexibility of actions that the student may take in
operating simulation. The learning time is the number of simulation lessons that the student took. Transfer of
learning refers to the amount of profit generated by the student through the manipulation and utilization of several
variables during the posttest business simulation.

Material

The content of instruction was limited to basic knowledge and common sense in economics, which is
treated as a social science subject in the fifth and eighth grades. The students ran the simple fruit store in CBIS. A
CBIS program with four different levels of fidelity was developed. Table 1 shows the standards used for classifying
the different levels of fidelity in the CBIS development process.

Table 1. The standards for classifying the levels of fidelity

The factors of classifying The levels of fidelity
1 2 3 4 E*
Determination of fruit order quantities Yes Yes Yes Yes Yes
Number of action Determination of fruit sale prices No Yes Yes Yes Yes
Selection of fruit types No No Yes Yes | Yes
Flexibility of action Number of fruit types to sale/ NA NA 12 2/3 2/3
Total number of fruit types to select

Note: *E means the fidelity level of posttest simulation.

Procedure

The students were randomly assigned to the four groups of differing levels of fidelity, and they practiced the
CBIS set at their group’s level of fidelity for two minutes. Immediately thereafter, they were evaluated for two
minutes by the posttest simulation, which was the highest level of fidelity. In this manner, two minutes practice and
two minutes test were repeated six times to estimate the curve of transfer of learning. The responses of the students,
the net profits during the test simulation, were recorded in the computer.

Results

[1] As presented Figure 3, there were no differences among the four increasing curves of transfer of
learning which each level of fidelity drew through the learning time. [2] Meanwhile, the transfer of learning for the
CBIS varied with the six gradual stages of learning time, F (5, 739)=36.3, p<.001. The post-hoc analyses indicated
that the transfer of learning curve marked a sharp rise at the first and second simulation lessons (learning time) with
statistical significance, and then it flattened out after the second lesson (Figure 3).
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Figure 3. Relationship between transfer of learning and learning time according to fidelity levels (Result)

Discussion & Implication

The result [2] supported by Roscoe(1971) and Povenmire and Roscoe(1973) implies that CBIS has the
cost-effective point on the amount of learning time. In this case, it is most cost-effective to stop instruction after the
second simulation lesson.

The result [1] has two possible interpretations. First, the lack of an effect by the levels of fidelity on the
transfer of learning in this experiment may be attributable to the lack of any real differences in the levels of fidelity
of the CBIS developed. Actually, this assumption (Figure 1) is based on Alessi’s comprehensive model (1988); the
fidelity levels should be determined by a variety of aspects-underlying models, presentations, user actions, and
system feedback- and a wide range of situations-form the low level fidelity to the actual experience. In this
experiment, however, the four different levels of fidelity considered only the user action aspect, and the close
intervals of fidelity levels were all admittedly in a low range due to limited financial resources. Therefore, the
assumptions (Figure 1 and 2) will be tested again in further well-designed researches with a larger range of fidelity. -

The second interpretation is that the levels of fidelity may be not important variables on transfer effects in
CBIS. The researches and claims of Cox, et al. (1965), Grimsley (1969), Hopkins (1975), and Johnson (1981) in the
field of simulators may be regarded as being consistent with the results of this study. In addition, psychological
aspects of fidelity may be more important than the physical aspects of it (Prather, 1973; Dittrich, 1977). Finally,
psychological aspects of fidelity in CBIS will have to be considered in further researches.

Reference

Alessi, S. M. (1988). Fidelity in the design of instructional simulations. Journal of Computer-Based
Instruction, 15(2), 40-47. )

Alessi, S. M., & Trollip, S. R. (1991). Computer-based instruction: Methods and development.
Englewood Cliffs, NJ: Prentice-Hall.

Allen, J. A., Hays, R. T., & Buffardi, L. C. (1986). Maintenance training simulator fidelity and individual
differences in transfer of training. Human Factor, 28(5), 497-509.

Baum, D. R.,, Smith, D. A., Hirshfedl, S. F., Klein, G. A., Swezey, R. W., & Hays, R. T. (1982).
Specification of training sirmulator fidelity: A research plan. Technical Report 558. VA: US Army Research Institute
for the Behavioral and Social Sciences. ED 241 793,




Boreham, N. C. (1985) “Transfer of training in the generatlon of ‘diagnostic hypotheses: The effect of
lowermg fidelity of simulation. British Journal of Educational Psychology, 55, 213-223.

Cox, I. A., Wood, R. O,, Boren, L. M., & Thorne, H. W. (1965). Functional and appearance fidelity of
training devices for fixed-procedures tasks. VA: Human Resources Research Office Technical Report 65-4.

Dittrich, J. E. (1977). Realism in business games: A three-game comparison. Simulation & Games, 8(2),
201-210.

Dougherty, D. I., Houston, R C., & Nicklas, D. R. (1957). Transfer of training in flight procedures from
selected ground training devices to the aircraft. Technical Report NAVTRADEVCEN-TR-71-16-16, Port
Washington, NY: Office of Naval Research, Naval Training Device Center. AD 149547.

Gibson, E. J. (1939). Sensory generalization with voluntary reactions. Journal of Experimental Psychology,
24, 237-253.

Grimsley, D. L. (1969). Acquisition, retention, and retraining: Effects of high and low fidelity in training
devices. VA: Human Resources Research Office. Technical Report 69-1. ED 029 154.

Hays, R. T., & Singer, M. J. (1989). Simulation Fidelity in Training System Design: Bridging the Gap
between Reality and Training. New York: Springer-Verlag.

Hopkins, C. O. (1975). How much should you par for that box? Human Factors, 17, 533-541.

Johnson, S. L. (1981). Effect of training device on retention and transfer of procedural task. Human
Factors, 23(3), 257-272.

Miller, G. G. (1974). Some considerations in the design and utilization of simulators for technical training.
Technical Report AFHRL-TR-74-65. Air Force Hunan Resources Laboratory. ED 097 919.

Ornstein, G. N., Nichols, I. A., & Flexman, R. E. (1954). Evaluation of a contact flight simulator when
used in an Air Force primary pilot training program. Part II. Effectiveness of training in component skills. Technical
Report AFPTRC-TR-54-110. Lackland Air Force Base, Tex.: Air Force Personnel and Training Research Center.
AD 62373.

Osgood, C. E. (1949). The similarity paradox in human learning: a resolution. Psychological Review, 56,
132-143.

Povenmire, H. K., & Roscoe, S. N. (1973). Incremental transfer effectiveness of a ground-based general
aviation trainer. Human Factors, 15, 534-542.

Prather, D. C. (1973). Promoted mental practice as a flight simulator. Journal of Applied Psychology, 57,
353-355.

Roscoe, S. N. (1971). "Incremental transfer effectiveness. Human Factors, 13, 561-567.

Su, Y. D. (1984). A review of the literature on training simulators: Transfer of training and simulator
fidelity. Technical Report No.84-1. Atlanta: Georgia Institute of Technology. ED 246 864.

Thorndike, E. L. (1913-1914). Educational Psychology. NY: Teachers collage, Columbia Univ., 3 vols.

Valverde, H. H. (1973). A review of flight simulator transfer of training studies. Human Factors, 15, 510-
523.

Yum, K. S. (1931) An experimental test of the low of assimilation. Journal of Experimental Psychology,
14, 68-82.

93




U.S. DEPARTMENT OF EDUCATION ®

Offlcs. of Educationsl Rassarch and Improvemant (QERI) g
. Educatlonal Assaurcss Information-Cantar (ERIC) - n l' :

NOTICE

REPRODUCTION BASIS

This document is covered by a signed “Reproducton Release
(Blanket)” form (on file within the ERIC system), encompassing all
or classes of documents from its source organization and, therefore,
does not require a “Specific Document” Release form.

This document is Federally-funded, or carries its own permission tu
reproduce, or 1s otherwise in the public domain and, therefore, may
be reproduced by ERIC without a signed Reproduction Release
form (either “Specific Document” or “Blanket”).. i




